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Abstract

Background and objectives

The pressure of livestock grazing on rangelands and the increasing degradation of these ecosystems can
have destructive effects on soil characteristics. Methods for improving degraded soils include increasing
rangeland fertility, enhancing soil stability, and reducing trampling by restricting livestock grazing.
Exclosure is widely used as a natural regeneration strategy to improve vegetation conditions, soil fertility,
and conservation outcomes in rangeland restoration and improvement programs. The present study aimed
to investigate the effects of exclosure on soil parameters, including electrical conductivity, absorbable
potassium, absorbable phosphorus, organic carbon, total nitrogen, and soil reaction. Biological parameters,
including basal microbial respiration, stimulated microbial respiration, microbial carbon, metabolic
quotient, and soil microbial and enzymatic activities (alkaline phosphatase, dehydrogenase, and urease)
were measured both inside and outside the Shoghaldareh exclosure in Nemin County.

Methodology

To conduct this study, the Shoghaldareh exclosure located in Nemin County (Ardabil Province) was
selected. A total of 18 soil samples were collected from six sites (3 inside and 3outside the exclosure) at a
depth of 5-20 cm. Samples were randomly taken along three 100-m transects (from the beginning, middle,
and end of each transect, which were subsequently mixed to form one composite sample). Each transect
was established 50 m apart. Collected samples were transferred to the laboratory in refrigerated containers
and stored at —80°C until analyses were performed. The investigated parameters included soil texture (sand,
clay, and silt), electrical conductivity, absorbable potassium, absorbable phosphorus, organic carbon, total
nitrogen, soil reaction, basal microbial respiration, stimulated microbial respiration, microbial carbon,
metabolic quotient, soil microbial quotient, and the activities of alkaline phosphatase, dehydrogenase, and
urease. Data analysis was carried out separately for the two areas (inside and outside the exclosure) using
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an independent two-sample t-test. Data normality was assessed using the Shapiro-Wilk test, and
correlations among soil characteristics were evaluated using Pearson’s coefficient in SPSS Ver. 22.
Results

The results indicated that the studied area had a sandy loam texture. A significant difference at the 5%
probability level was observed between the inside and outside of the exclosure, such that the clay and silt
contents inside the exclosure were 9.88% and 32.77%, respectively, while sand content was 63.88% higher
outside the exclosure. Electrical conductivity, organic carbon, potassium (saturated extract), acidity,
absorbable phosphorus, and total nitrogen showed the highest values outside the exclosure. All biological
parameters, except metabolic quotient, exhibited significant differences between the interior and exterior
of the exclosure. The highest levels of basal microbial respiration, stimulated microbial respiration, and
microbial quotient—corresponding to 0.32 and 1.96 mg COz g day ! and 1.2 mg Cmic g C org—were
recorded inside the exclosure; whereas microbial biomass carbon (513.80 mg Cmic g™') belonged to the
area outside the exclosure. Inside the exclosure, silt and sand percentages showed a positive correlation,
whereas clay percentage had a negative correlation with the metabolic quotient. Available phosphorus
exhibited a positive correlation with nitrogen, organic carbon, and the microbial quotient. Nitrogen was
positively correlated with organic carbon, the metabolic quotient, and the microbial quotient. Basal and
induced respiration were positively correlated, and organic carbon showed a positive correlation with both
the metabolic and microbial quotients. In contrast, pH had a negative correlation with the microbial quotient
and microbial biomass carbon. Outside the exclosure, clay percentage showed a positive correlation with
available phosphorus, whereas silt and sand showed negative correlations. Nitrogen exhibited a positive
correlation with organic carbon. Basal respiration had a positive correlation with induced respiration and
microbial biomass carbon, and induced respiration was positively correlated with microbial biomass
carbon. The metabolic quotient had a positive correlation with the microbial quotient, while microbial
biomass carbon showed a negative correlation with the metabolic quotient. Regarding enzymatic activities,
the highest values of dehydrogenase, alkaline phosphatase, and urease—2.85 pg TPF g' dm 16 h™!, 585.71
pug pNP gt dm h™, and 238.79 ug N g™! dm, respectively—were recorded inside the exclosure.
Conclusion

Excessive grazing in Iran’s rangelands reduces the input of plant residues into the soil and alters chemical,
biological, and soil enzymatic properties. This reduction in organic matter and disruption of microbial
activity decreases soil fertility. The findings of this research demonstrate that implementing grazing
exclosure improves soil biological activities, including increased enzymatic activity and microbial
respiration, within the excluded area. Furthermore, positive changes in soil texture, particularly increases
in clay and silt contents, were observed. Although a slight decrease in certain soil nutrients and microbial
populations occurred within the exclosure, these changes were likely influenced by wildlife grazing patterns
and ultimately contributed to establishing a sustainable, balanced ecosystem with optimized long-term
functioning. Therefore, the results underscore the important role of grazing exclosure management in
enhancing the health and sustainability of natural ecosystems.

Keywords: Alkaline phosphatase enzyme, Ardabil province, biological parameters of soil, exclosure,
microbial carbon mass.
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Figure 1- Location of the study area in Iran, Ardabil province, Namin county, and sampling location at the
transect level
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Table 1- Mean (+standard error) of physical and chemical characteristics inside and outside the exclosure

Independent t-Test

Features Exclosure Outside exclosure . P value
Statistic

Sand (%) 58.44+11.78 63.88+10.88 3.16 0.03"
Clay (%) 9.88+2.39 5.55+1.28 1.31 0.02"
Silt (%) 32.77+6.48 30.55+5.55 2.17 0.01"
pH 5.61+0.23 5.84+0.12 -1.49 0.04*
EC (ds/m) 0.42+0.09 0.46+0/11 -0.60 0.00"
Organic carbon (%) 4.18+1.25 5.36+1.24 0.38 0.00*
Nitrogen (%) 0.41+0.14 0.53+0.26 -0.44 0.04*
Phosphorus (ppm) 1.36+0.17 1.42+0.39 0.78 0.02*
Potassium (ppm) 144.55+20.69 183.22+24.24 7.13 0.00"

J&1s 4 (mg Cmic.g* Corg) \/\Y 5 (mg Co..g*.day™)
mg C mic. ) ONY/AN s Se 03585 cn S Sl 5 53
sy o Wocal plasl g3 o & (g
Az samlie ailte 55 ol G e U] S les g

(mgCoz +/+Y i3 J&ls 4 o) ol i J ol b
Y Jsas) czls 3w -C.gtCmic.hr?)

S ) sbaasis
TR WU - Ry VN [ Voo P\ PPV =~ Jppwp g c\-v
9 S 03565 S 5 Sy 9 Sem i
Sl 55 oo Seao g 5 dmals (PSZN) Lls sxe SUis]
a0l b s 5 S5l s (PS 0) s e
iS5l s See S Ol i Sosba
VAP < /YY G5 A s St 5 45l s S



\EQ

Foolas ¥Vl o1l 0Ll 5 @0 Olados ade 4 s

GA N ol 5 5l 53 SB ae s sbramiie (Glas szl ) (SSke -Y Jsia

Table 2- Average ( standard error) biological characteristics of inside and outside exclosure

Mean +
Features Site type Statistic P value Minimum Maximum standard Variance
deviation
- Exclosure 0.28 0.42 0.05+0.33 0.002
Basal respiration Outsid 3.03 0.00%*
(mg c02.g-1.day-1) utside ' ' 0.13 0/32 0.07+0.24 0.005
exclosure
Substrate Induced Exclosure 1.76 2.17 0.13+1.96 0.018
respiration Outside 5.03 0.00%*
+
(Mg co2.g-1day-1)  exclosure 1.61 1.84 0.21+1.51 0.049
Microbial biomass Exclosure 222.86 668.57 152.58+445.71 23280.61
carbon Outside 0/89- 0.00%*
" +
(mg C mic. g-1) exclosure 278.57 724.29 171.22+513.81 29316.33
Metabolic Exclosure 0.02 0.07 0.0110.03 0.000
contribution
i 3.17 0/46ns
(mg CO2 -C.g- Oults'de 0.01 0.03 0.01%0.02 2.708
1Cmic.hr-1) exclosure
Microbial Exclosure 0/94 1.35 0.10%1.12 0.012
contribution
- i 0.75 0.033%
(mg Cmic.g-1 C Outside 0/90 1.28 0.1241.10 0.015
org) exclosure

= **and ", respectively, significant differences with the probability of 1%, 5%, and no significant difference
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Table 3- Correlation coefficients between physical, chemical and biological soil characteristics of inside exclosure

Variables Silt Sand  Clay P N K EC soC pH BR SIR MBC qCO2  gmic
Silt 1

Sand -0.90" 1

Clay 0.23 -0.49 1

P 0.13 -0.07 042 1

N -0.24 045 016 0.68" 1

K -0.42 041 -024 041 0.19 1

EC 0.52 040 -009 -040 -028 031 1

SOC -0.25 0.45 017 069" 1.00™ 0.22 -0.29 1

pH 0.19 027 -003 -051 -052 -046 0.19 -0.54 1

BR 0.28 006 -039 -051 -024 -007 087" -0.26 0.17 1

SIR 0.03 017 051 -056 -013 -014 080" -0.14 0.23 0.86™ 1

MBC 0.10 028 030 -066 -044 -051 0.56 -0.46 042 0.53 0.38 1

qC02 -0.21 0.55 -72° 039 0.76" 0.42 -0.16 0.77" -0.34 -0.03 0.13 -84~ 1

gmic -0.25 039 -002 076" 073 0.59 033 075" -0.83" 033 021 -0.74 0.56 1

#* and* respectively, significant difference with the probability of 1% and 5%

G b SB aw) s abesd 5 (S5 slpabls o ECORNSUH I g PR
Table 4- Correlation coefficients between physical, chemical and biological soil characteristics of outside exclosure

Variables Silt Sand Clay P N K EC SoC pH BR SIR MBC qCO2  gmic
Silt 1

Sand -0.84™ 1

Clay -0.16 -0.40 1

P -0.18 031 0.87" 1

N -0.33 0.11 0.36 0.43 1

K -0.00 0.25 -0.45 -0.52 -0.55 1

EC 0.08 -0.26 0.35 0.56 0.28 -0.05 1

SoC -0.35 0.13 0.36 0.42 100" -054 0.27 1

pH 0.22 -0.23 0.05 -0.05 010 -011 -0.53 -0.10 1

BR 0.52 -0.56 0.14 0.02 0.13 -0.49 -0.10 012 044 1

SIR 0.28 -0.29 0.05 -0.05 021 041 -0.05 021 048 0927 1

MBC 0.46 -0.62 0.34 0.22 0.37 -0.60 0.05 037 029 094" 082" 1

qCo2 0.15 0.21 -0.51 0.50 0.44 042 -0.09 045 021  0.04 0.12 -0.79 1

gmic 0.05 0.04 -0.16 -0.49 -003  -0.19 -0.57 -0.02 018 0.60 0.57 0.50 0.74" 1

** and* respectively, significant difference with the probability of 1% and 5%

SB o5l baaiie S8 Eylan (Sand) oy ((Silt) e (Clay) oy
o Sl s wols ples 0 Jsas s &S bole AND) 055,25 (SOC) JT 1 8 dP) i (K) sy (EC)
Slasl 5Toysl 5 3blaws SIS 5 ams 6%&}5 (SIR) w1 o5 Sn i (BR) 4l o9 Swe s
il 55 33 ol 5 Ja b 5o (PSTY) Lls gtae 5 (GCO2) S sluee g (MBC) o5 Koo 035555 oS
ol Slae &S el ol Sl LLSle gl (mic) g5 Swes g
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Table 5- Mean (+standard error) of soil enzyme characteristics inside and outside exclosure

Features Site type Mean + standard deviation Statistic P value
Dehydrogenase (ug TPF. g'l EXClOSUI‘e 285j:033 sk
H _ 4.81 0.00
dm. 16h) Outside exclosure 1.05+0.15
Phosphatase Exclosure 585.71+19.95 o
0 ] 4.39 0.00
(Mg pNP. g** dm. 1h) Outside exclosure 432.37+28.61
Exclosure 238.79+15.98 -
Urease _ 3.38 0.00
(L.g N. g-1 dm. 2h) Outside exclosure 136.19+22.06
Significant difference with a probability of 1% percent**
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